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It is shown that fine-tuning of the Higgs parameters stronger than a few % is required at the best
in the models with gauge mediated supersymmetry breaking. With the aim of solving this problem,
we consider a new type of models in which the top Yukawa coupling is induced at TeV scale through
mass mixing with unknown matter fields. Then it is found that the fine-tuning problem can be
eliminated essentially. We discuss some phenomenological features of this model and also consider
the extension to the next-to-minimal models.
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I. INTRODUCTION
The supersymmetric extension of the standard model
(SM) is the most promising candidate for new physics
beyond TeV scale. Among many attractive features, the
gauge coupling unification in the supersymmetric mod-
els is remarkable. However the fact that the Higgs bo-
son besides any superparticle has not been discovered by
the LEP2 experiment, casts the so-called “little hierarchy
problem” [1, 2] on this direction.
The lower experimental bound of the lightest Higgs
boson mass, which is 114GeV[3], indicates that the mass
should be lifted up by a large radiative correction of the
top quark loop[4, 5]. For the minimal supersymmetric
standard model (MSSM), the mass of top squark (stop),
mt˜, is required to be much larger than the weak scale in
general. The Higgs mass bound, which is also rather sen-
sitive to the trilinear coupling of top squarks and Higgs
boson, At, leads
mt˜ ≥ 500GeV for |At| ∼ |mt˜|,
mt˜ ≥ 1TeV for |At| ≪ |mt˜|, (1)
for a large value of tanβ. Moreover this mass bound
increases rapidly, as tanβ decreases. This “hierarchy”
between the weak scale and the supersymmetry breaking
mass scale turns out to bring about a severe fine-tuning
problem as follows.
The quartic couplings of the Higgs fields are related
with the gauge couplings in the MSSM. Therefore the
scale of electro-weak symmetry breaking (EWSB) is de-
termined solely by the mass parameters of the Higgs
bosons. For a moderate value of tanβ, such relation is
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simply given by
M2Z
2
= −µ2 −m2Hu , (2)
where µ denotes the supersymmetric mass of the Higgs
multiplets (or the higgsino mass) and m2Hu denotes the
soft supersymmetry breaking mass (soft scalar mass) of
the up-type Higgs boson Hu. This relation indicates that
both µ and |mHu | should be of the order of the weak
scale, otherwise very accidental cancellation is required
between them.
However, the soft scalar mass m2Hu receives a fairly
large radiative correction due to the very heavy stop mass
and the large top Yukawa coupling yt. Supersymmetry
protects scalar masses from quadratic corrections, but
not from logarithmic corrections. The correction to m2Hu
at the one-loop level is given approximately by
δm2Hu ∼ −
3
4pi2
y2tm
2
t˜
ln
ΛMSSM
mt˜
, (3)
where ΛMSSM denotes the up-most scale of the MSSM.
If we take this scale to be the scale of the grand unified
theory (GUT), ΛGUT ∼ 2×1016GeV, then this correction
is estimated as |δm2Hu | ≥ (700GeV)2 for mt˜ ≥ 500GeV.
Indeed this negative correction to the Higgs soft mass in-
duces the radiative EWSB [6], which is one of the beau-
tiful features of the supersymmetric models. Now, how-
ever, it is found that the size of the correction is too
large. The realistic EWSB does not occur in the MSSM
without delicate fine-tuning, since the Higgs mass pa-
rameters µ and mHu are not related with each other in
origin. Therefore, we may expect that the correction to
the Higgs soft mass is suppressed for some reason.
Somewhat small sizes of the mass parameters µ and
|mHu | are favorable from the point of view of the dark
matter as well. In the supersymmetric theories, the light-
est superparticle (LSP), which is stable due to the R-
parity symmetry, is supposed to be a good candidate
for the dark matter. However, if the higgsino mass µ
2is pretty larger than the bino mass, then the dark matter
relic density far exceeds the observed amount. On the
other hand, when µ is comparable with the bino mass,
the LSP is composed of a bino-higgsino mixture, which
can lead to a suitable amount of the relic density [7].
Thus it would be worthwhile to ask what kinds of mod-
els instead of the MSSM offers us more natural frame-
works. The gauge mediated supersymmetry breaking
(GMSB) models [8] may be thought as the good candi-
date, since the uppermost scale ΛMSSM can be lowered
to about 50TeV. Then the large logarithmic factor in (3)
is reduced to 4∼5. However it has been known that the
fine-tuning in the GMSB models is not improved, rather
becomes worse because of the following reasons.
In the GMSB framework, the messenger fields, which
acquire the soft scalar masses through interaction with
the dynamical supersymmetry breaking (DSB) sector,
decouples at the messenger scale Λmess. Then the ratio
among the various soft supersymmetry breaking parame-
ters induced at Λmess are given uniquely by the SM gauge
couplings. In the case of the low scale GMSB with e.g.
Λmess ∼ 50TeV, the ratio of soft masses of the stop mt˜
and of the right-handed selectron me˜ may be evaluated
roughly as
m2
t˜
m2e˜
≃ (4/3)g
4
3
(3/5)g41
≃ (7 ∼ 8)2. (4)
Meanwhile, the slepton mass is bounded experimentally
asme˜ ≥ 100GeV. Thereforemt˜ appears to be quite large,
mt˜ ≥ 700GeV, in the low scale GM. Such a large stop
mass makes the correction to the Higgs soft mass even
bigger in spite of the smaller logarithmic factor [9, 10].
It should be also noted that A-parameters are not in-
duced or very suppressed at the messenger scale, except
for special cases with vector messengers at the GUT scale.
Therefore the tri-linear coupling At remains small up to
low energy in the low scale GMSB. Then the Higgs mass
bound imposes a very severe constraint on the stop mass
mt˜.
It has been also known that the GMSB has a diffi-
culty to lead the proper size of B-parameter as well as
the µ-parameter [8, 11]. The easiest solution escaping
this µ-problem would be to consider the next-to-MSSM
(NMSSM) type extension [12]. There we introduce a SM
gauge singlet N and consider the superpotential
W = λHNHuHd + · · · . (5)
The µ-parameter is given by the non-vanishing vacuum
expectation value (vev) of N as µ = λH〈N〉. Then the
B-parameter in the MSSM is just given by the trilinear
coupling AH of the scalar fields,
V = −λHAHNHuHd + · · · . (6)
The problem is that tanβ is linked to the soft scalar mass
of the singlet N and cannot be chosen freely contrary to
the MSSM. In practice, it will be seen later that tanβ is
restricted to be small in the realistic models [10]. Then
the experimental Higgs mass bound leads to a very strong
constraint on the soft scalar mass mt˜ in general.
So far various approaches have been proposed aiming
to solve this “little hierarchy problem” [13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24]. Many of them push up
the Higgs mass bound by introducing other new inter-
actions and assume a fairly small mt˜ to suppress the
correction to the Higgs mass. The GMSB seems inap-
propriate in these approaches, since the mass bound for
the selectron leads to a large stop mass anyway. Apart
from the GMSB, it is also a way to consider special setup
generating the soft breaking parameters at some high en-
ergy scale such that |mHu | appears to be small enough
at the weak scale, as e.g. the focus point solution [25],
though the ground leading to the special supersymmetry
breaking parameters assumed there is missing. Another
interesting scenario is the mixed modulus-anomaly medi-
ation, the so-called mirage mediation. In a certain class
of such models the logarithmic correction (3) is cancelled
by the anomaly mediation effect, and that leads to the
favorable spectrum that stop is heavy and the soft scalar
mass |mHu | is small, while |At| is large [21]. The recently
proposed setup with a negative m2
t˜
at the GUT scale [22]
would be also an interesting possibility in this point of
view.
Another type of approach is to protect the Higgs mass
from the large radiative corrections. The well-known ex-
amples of this kind are the (supersymmetric) little Higgs
models [17], where the Higgs scalar is the pseudo NG
boson and the logarithmic divergence is suppressed by
two loop factors. Two of the authors have also proposed
the models, in which the Higgs mass correction is made
even finite, i.e. cutoff independent, by use of the super-
conformal dynamics [18, 19]. In these approaches a large
mt˜ is also admitted and, therefore, the GMSB can be
incorporated in the models.
In this paper we would like to consider this problem
in relation to the origin of prominently large top quark
mass. It is obvious that the correction to the Higgs mass
is not so enhanced, if the top Yukawa coupling yt is small
above TeV scale. Here we consider the models in which
the top Yukawa coupling is induced effectively at TeV
scale through mixing between top quarks and extra vec-
torlike particles [19]. In order to get the top Yukawa
coupling large enough, the Higgs field is assumed to be
coupled with the extra particles rather strongly.
Furthermore we consider the “partial GMSB” to pro-
tect the Higgs soft mass from a large loop correction of
the extra particles. The gauge group of the model is
assumed to be a direct product of the SM gauge group
GSM and the extra gauge group Gex. We suppose also
that the extra vectorlike fields are neutral to the color
SU(3), while the gauge messengers are neutral to Gex.
Then all other scalar masses than the squark masses; the
soft scalar masses of the Higgs, the sleptons and the ex-
tra particles, become small automatically. The gluino is
also heavy as in the ordinary GMSB. The point is that
3the squark masses do not enhance the Higgs mass, since
the top Yukawa coupling is assumed to be small above
TeV scale. It may be also said that the large logarithmic
correction to the Higgs mass by the stop loop is cutoff
effectively at TeV scale. Consequently, our model real-
izes the fairly small Higgs mass parameters at the weak
scale in spite of the large stop masses, and, therefore, is
released from the fine-tuning problem.
This paper is organized as follows. In section II we
examine the degree of fine-tuning in the GMSB models
with taking account of the Higgs mass bound by LEP2.
It will be seen that the delicate fine-tuning within a few %
level is required at the very best. In section III we present
an explicit model with the induced top Yukawa coupling
and discuss some phenomenological features. Then we
quantify the degree of fine-tuning required in the new
model explicitly in section IV. In section V we consider
the extension to the NMSSM type in order to solve the
µ-problem. The last section is devoted to the conclusion.
II. FINE-TUNING IN THE GMSB MODELS
We consider the minimal GMSB model with vectorlike
chiral messenger fields (q, l) and (q¯, l¯). The fields q and
l transform as (3,1,−1/3) and (1,2,1/2) under the SM
gauge group GSM = SU(3)c × SU(2)W × U(1)Y respec-
tively, and (q¯, l¯) carry their conjugate representations.
These fields do not have any direct interactions with the
MSSM sector. Since the fields q and l are combined into a
5 representation of the SU(5) group, the gauge coupling
unification is maintained.
In the minimal GMSB model, the messengers couple
with the DSB sector through the superpotential given by
WGMSB = κqSqq¯ + κlSll¯, (7)
where S is a SM gauge singlet. The dynamics of the DSB
sector is supposed to generate non-vanishing vevs for S
and the F-component FS at the same time. These mes-
senger decouples from the MSSM sector at the messenger
scale Λmess ∼ κ〈S〉.
The F-component vev induces soft supersymmetry
breaking parameters in the MSSM sector as finite loop
corrections by the messenger fields. The formula for the
induced parameters are given at the leading order by
Ma =
αa
4pi
BS (a = 1, 2, 3), (8)
m2
f˜i
= 2
[
C3i
(α3
4pi
)2
+ C2i
(α2
4pi
)2
+
3
5
Y 2i
(α1
4pi
)2]
B2S , (9)
Ai = 0, (10)
where BS = 〈FS〉/〈S〉, and C2, C3, Y denote the
quadratic Casimirs of the representation for SU(2)W and
SU(3)c and the hypercharge for U(1)Y respectively. It
is a general property that the induced A-parameter is
very small at the messenger scale in the chiral messenger
GMSB. Although some special models of GMSB by vec-
tor messengers may have sizable A-parameters [26], we
do not consider such cases in this paper.
Here we note that all the soft scalar masses are fixed
up to the overall scale of the supersymmetry breaking
parameter BS , which is also bounded as discussed be-
low. Therefore we can tune only the µ parameter in
the GMSB to satisfy the minimization condition for the
Higgs potential,
M2Z
2
= −µ2 + m
2
Hd
−m2Hu tan2 β
tan2 β − 1 . (11)
The degree of fine-tuning may be defined by
∆µ2(M
2
Z) =
∣∣∣∣ µ2M2Z
∂M2Z
∂µ2
∣∣∣∣ = 2 µ2M2Z . (12)
These soft mass parameters are subject to the renormalization group (RG) of the MSSM below the messenger scale.
The soft mass of the right handed selectron me˜ at the weak scale is given roughly by
m2e˜ ∼
6
5
(α1
4pi
)2
B2S +
2
11
[(
α1(Λmess)
α1(MZ)
)2
− 1
]
M21 (MZ)−M2Z sin2 θW cos 2β, (13)
where θW denotes the Weinberg angle and sin
2 θW ≃ 0.232. The experimental lower bound me˜ ≥ 100GeV constrains
the supersymmetry breaking parameter BS to be more than roughly 50TeV. Therefore it would be reasonable to take
the messenger scale Λmess > 50TeV for the typical low scale GMSB, provided the DSB sector induces 〈FS〉 ≤ 〈S〉2 1.
In such a low scale GMSB case, the logarithmic factor in the one loop correction given by (3) is somewhat reduced,
log(Λmess/mt˜) ∼ 5. However, the soft scalar mass mt˜ is quite large instead. In practice it is found by solving the one
1 In the case of 〈FS〉 ∼ 〈S〉
2, the formulae (8), (9) are modified
with a factor of O(1) [8].
4loop RG equations that mt˜/me˜ ∼ 7 at the weak scale. Therefore mt˜ > 700GeV is required from the mass bound to
(13) for large tanβ. Then the soft mass of the Higgs turns out to be m2Hu < −(300GeV)2 at the weak scale by the
one-loop RG analysis. Then this result shows that about 5% fine-tuning for the µ2 parameter is required at the best
[9, 10]. For a small value of tanβ, the required stop mass becomes slightly bigger, therefore the fine-tuning is worse.
In practice, however, the experimental Higgs mass bound, mh0 > 114.4GeV, is found to put a much stronger
constraint than the selectron mass bound does. Within the two loop approximation, the analytic expression for the
mass bound has been given by [5]
m2h0 ≤M2Z cos2 2β
(
1− 3m
2
t
8pi2v2
t
)
+
3m4t
4pi2v2
[
1
2
X˜t + t+
1
16pi2
(
3m2t
2v2
− 32piα3
)(
X˜tt+ t
2
)]
, (14)
where t = logm2
t˜
/m2t defined with the average stop mass m
2
t˜
=
√
m2
Q˜3
m2˜¯u3 (m
2
Q˜3
and m2˜¯u3 denote the soft scalar
masses for the left handed stop-sbottom doublet and the right handed stop respectively.), v = 173.7 GeV is the vev of
Higgs and mt is the on-shell running mass computed from the physical top massMt = 172.7GeV, i.e. mt = 164.5GeV.
The factor X˜t stands for the mixing between the left and right handed stops and is given explicitly by
X˜t =
2A˜2t
m2
t˜
(
1− A˜
2
t
12m2
t˜
)
, (15)
where A˜t = At − µ cotβ. In this analytic expression, the maximal value of mixing is X˜t = 6, which is realized for
A˜t/mt˜ =
√
6. The constraint on mt˜ imposed by the Higgs mass bound is rather sensitive to the stop mixing and mt˜
is required to be more than 1TeV for a small At.
In the GMSB, in which At = 0 at the messenger scale
Λmess, the value of At at the weak scale is given approx-
imately by
At ∼ − 8
3pi
α3M3 log
(
Λmess
mt˜
)
. (16)
Therefore, |At| is rather small for the low scale GMSB
and |At| ≤ mt˜ for any messenger scale Λmess < ΛGUT .
This is a crucial feature of the GMSB models for the
fine-tuning problem.
In Fig. 1 and Fig. 2, the minimum degrees of fine-
tuning required in the MSSM are shown in the cases
with tanβ = 10 and 5 respectively. The messenger scale
Λmess is varied up to the GUT scale. It is seen that
the Higgs mass bound puts a far stronger constraint on
the fine-tuning than the selectron mass bound. Both the
constraints become milder as the messenger scale goes
higher. However the fine-tuning stronger than 2% is
found to be required at the very best. For the case with
tanβ < 5, the fine-tuning is severer than 1% level except
for the case with a very low scale messenger scale. The
dependence of ∆µ2 on the tanβ parameter in the case
of a high messenger scale is shown in Fig. 3. It is seen
that the bound by the lightest Higgs boson mass becomes
extremely severe for a small tanβ < 5. 2
2 It is noted that the analyses of the degree of fine-tuning required
in the GMSB shown in Refs. [9, 10] put emphasis on the slepton
mass bound.
III. EXTRA SU(3) MODEL WITH THE
INDUCED TOP YUKAWA COUPLING
A. The extra SU(3) model
In this section, we consider an explicit model avoiding
this severe fine-tuning problem within the GMSB frame-
work. The new model is based on the ideas of the “in-
duced top Yukawa coupling” and the “partial gauge me-
diation”. Although the induced soft scalar mass of the
Higgs field Hu by the gauge messengers is not large, the
large soft mass transmitted through the stop loop causes
the problematic hierarchy. If the top Yukawa coupling is
as small as other Yukawa couplings above TeV scale, then
this transmission can be effectively switched off. Natu-
rally all other scalar fields than squarks in the MSSM,
including the Higgs scalars, carry relatively small soft
scalar masses.
Meanwhile it is an interesting puzzle of the flavor
physics why only top quark is so heavy. Here we take
the picture that the large top Yukawa coupling is induced
at TeV scale dynamically. There must be the additional
sector coupled with the Higgs field so strongly as to gen-
erate the large top Yukawa coupling. However, if the su-
persymmetry breaking is not mediated to the new sector,
then the Higgs field does not receive sizable corrections
in spite of the large coupling to the new sector. This
is the reason why we apply the gauge mediation acting
partially.
First we assume that the SM gauge group is extended
to G = SU(3)ex ⊗ SU(3)′C ⊗ SU(2)W ⊗ U(1)Y and that
SU(3)ex ⊗ SU(3)′C is spontaneously broken to the color
SU(3)C diagonally at a few TeV scale. We introduce also
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FIG. 1: The minimum degrees of fine-tuning required in the
MSSM with tan β = 10 are shown with respect to various
messenger scales Λmess of the GMSB. The upper line is given
by the Higgs mass bound, while the lower line is given by the
selectron mass bound.
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FIG. 2: The minimum degrees of fine-tuning required in
the MSSM with tanβ = 5 are shown with respect to various
messenger scales Λmess of the GMSB. The conditions for the
lines are the same as in Fig. 1.
vectorlike matter fields charged under G as
SU(3)ex SU(3)
′
C SU(2)W U(1)Y R
Φ 3 1 2 1/6 −
Φ¯ 3∗ 1 2 −1/6 −
φ 3 1 1 2/3 −
φ¯ 3∗ 1 1 −2/3 −
Ω 3 3∗ 1 0 +
Ω¯ 3∗ 3 1 0 +
(17)
where R denotes the R-parity. The superpotential of the
model is given by
W =WGMSB +WMSSM +Wyukawa +Wmass,(18)
WMSSM = ytQ3u¯3Hu + µHuHd + · · · , (19)
Wyukawa = yΦΦφ¯Hu + xQ3ΩΦ¯ + x¯φΩ¯u¯3, (20)
Wmass =MΦΦΦ¯ +Mφφφ¯+MΩΩΩ¯. (21)
It is noted that the quarks not only of the third gener-
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FIG. 3: The minimum degrees of fine-tuning required in the
MSSM with the messenger scale Λmess = 10
16GeV are shown
for various values of tanβ. The conditions for the lines are
the same as in Fig. 1.
ation but also of an arbitrary combination of the gener-
ations may couple to the extra fields in Wyukawa. Then
such a combination of quarks turns out to be heavy and
is regarded as the top quark in the end. We do not take
account of the new couplings with Hd either. If the in-
duced bottom Yukawa coupling is small for some reason,
then it will be also viable.
In the above superpotential, the explicit mass terms
for the extra fields in Wmass are introduced by hand.
To be explicit we simply set MΦ = Mφ = MΩ = 5TeV
hereafter, though somewhat smaller mass parameters are
also allowed by the EW precision experiments as is seen
later on. Then below 5TeV, the extra sector decouples
from the MSSM sector. It is, indeed, a problem that
these mass operators can couple with the singlet S with
non-vanishing F-component as well. Actually this is the
same problem as the µ-problem in the GMSB [8, 11] and
these couplings should be forbidden e.g. by the discrete
U(1)PQ symmetry. We shall take care of these problems
altogether in the extension to the next-to-MSSM type
discussed in section V. There it will be also shown that
the hierarchy between µ and the decoupling mass scale
can be generated naturally by the strong gauge interac-
tion of SU(3)ex [19].
We assume the top Yukawa coupling yt in the super-
potential given by (19) is as small as, e.g., the bottom
Yukawa coupling. The explicit size of yt is irrelevant in
our discussions. Rather, the large top Yukawa coupling
is induced from yΦ through the mass mixing between the
top quarks and the extra fields at the spontaneous sym-
metry breaking (SSB). Hence yΦ should be larger than
1 at the decoupling scale. Indeed the extra sector is the
same as the SU(3) QCD with 6 flavors, which belong
to the so-called conformal window [27]. Therefore the
Yukawa coupling as well as the extra gauge coupling sat-
isfy an infrared (IR) attractive fixed point [18, 19]. In this
case, the fixed point lies in the strongly coupled region.
Thus such a large Yukawa coupling is realized naturally.
6In the next section we shall discuss this in more detail.
The SSB of SU(3)ex ⊗ SU(3)′C to the color SU(3)C is
brought about by non-vanishing vevs of Ω and Ω¯. If the
extra gauge coupling grows up around the decoupling
scale, then some strong dynamics may generate these
vevs of the TeV order. Here we do not study on ex-
plicit dynamics leading to the vevs, but rather assume
〈ΩAa 〉 = ωδAa , 〈Ω¯aA〉 = ω¯δaA, (22)
where A and a (= 1, 2, 3) denote indices of the fundamen-
tal representations of SU(3)ex and SU(3)
′
C respectively.
The vevs ω and ω¯ are also given to be several TeV.
After this SSB, the mass terms in the superpotential
(21) are modified to
MΦ
(
Φ+
xω
MΦ
Q3
)
Φ¯ +Mφφ
(
φ¯+
x¯ω¯
Mφ
u¯3
)
. (23)
These mass terms induce mixing between SU(2)W dou-
blets, Q3 and Φ
′, and also singlets, u¯3 and φ¯. The mass
eigenmodes (Q′3,Φ
′) and (u¯′3, φ¯
′) are given as(
Q′3
Φ′
)
=
(
cos θL − sin θL
sin θL cos θL
)(
Q3
Φ
)
, (24)(
u¯′3
φ¯′
)
=
(
cos θR − sin θR
sin θR cos θR
)(
u¯3
φ¯
)
, (25)
where tan θL = xω/MΦ and tan θR = x¯ω¯/Mφ. These
mixing angles are supposed to be of order one, since
the vevs ω and ω¯ are assumed to be of the same order
of the decoupling mass scale. The massless modes Q′3
and u¯′3 are regarded to be the third generation quarks
in the effective MSSM. The massive modes are given by
(Φ′, Φ¯) and of (φ, φ¯′), whose masses are slightly modified
to M ′Φ =MΦ/ cos θL and M
′
φ =Mφ/ cos θR.
After decoupling of the heavy particles, the theory is
reduced to be the MSSM with the additional effective top
Yukawa interaction,
W ∼ WMSSM
+yΦ(cos θLΦ
′ − sin θLQ′3)(cos θRφ¯′ − sin θRu¯′3)Hu
∼ WMSSM + yefft Q′3u¯′3Hu. (26)
Here the induced top Yukawa coupling yefft is given ex-
plicitly by
yefft = yΦ sin θL sin θR. (27)
This coupling can be so large as to lead the physical top
quark mass Mt = 172.2GeV, since yΦ is rather large.
Next we consider the soft supersymmetry breaking
parameters obtained in the effective theory. We ap-
ply the same supersymmetry breaking sector and the
gauge messengers (q, q¯) charged to the SU(3)′C , in place
of the SU(3)C , and (l, l¯). Note that these messen-
gers are neutral to the SU(3)ex. Therefore the gaugi-
nos of the SU(3)ex sector remain just massless all the
way down to the low energy scale. After the diagonal
SSB, the gauge coupling of the color SU(3)C is given by
1/g23 = 1/g
2
ex + 1/g
′
3
2
. Since the coupling gex is fairly
large, we have g3 ∼ g′3. Meanwhile the gaugino masses,
M3 for the SU(3)C and M
′
3 for the SU(3)
′
C , at the SSB
are related as
M3
g23
=
Mex
g2ex
+
M ′3
g′3
2 , (28)
which leads to M3 ∼ M ′3. Therefore the gaugino mass
spectra obtained at low energy is almost the same as the
conventional GMSB predicts.
The induced soft scalar masses m2Φ and m
2
φ for the ex-
tra fields Φ and φ, are small at the messenger scale in gen-
eral, because these fields are neutral to the SU(3)′C . Be-
sides, these soft masses are free from enhancement by the
gaugino corrections. As a result of this nature, the soft
mass of the Higgs scalar m2Hu is not enhanced either in
spite of the large Yukawa coupling yΦ. If we could switch
off the gauge couplings of SU(2)W and U(1)Y , then m
2
Hu
as well as m2Φ and m
2
φ were all vanishing in this partial
GMSB. Thus the Higgs scalar can be “sequestered” from
the large supersymmetry breaking sources. In practice,
the effects of the SU(2)W and U(1)Y gauge interactions
are not negligible. We postpone the quantitative analysis
of the Higgs mass and the degree of fine-tuning to section
IV.
B. Electro-Weak precision test
In the extra SU(3) model, the top quarks are mixed
with the heavy fermions with TeV scale masses. In gen-
eral, such mixing effect induces sizable corrections to the
EW theory, while the corrections are restricted rather
strictly by the precision measurements at the LEP ex-
periments. Here we evaluate such corrections expected
in the extra SU(3) model explicitly.
First we evaluate the corrections to the EW oblique
parameters, T and S. In the extra SU(3) model pre-
sented above, only the up-type quarks couple with the
extra matter fields. Thus the custodial SU(2) symme-
try is largely broken and, therefore, the correction to T -
parameter, ∆T , can be sizable. Of course the corrections
are more suppressed, as the masses of the heavy fields
are made larger by their decoupling effect. However we
may find the lower bound for the decoupling mass scale
allowed by the EW precision test.
Since the loop effects by the scalar particles are small due to the large soft masses, we take only the fermionic fields
7into account. To be explicit, we write the fermionic components of the superfields as
Q′3L ∼ (tL, bL), u¯′3R ∼ tR,
Φ′L ∼ (χL1, χL2), φ′R ∼ χR,
ΦR ∼ (χR1, χR2), φL ∼ χL.
(29)
These fermions also obtain the additional masses through the Yukawa interactions given in (26). The Higgs scalar’s
vev, 〈Hu〉 = (vu, 0), for the EWSB leads to the fermion mass terms given by
(t¯L, χ¯L1, χ¯L)

 yΦsLsRvu 0 −yΦsLcRvu−yΦcLsRvu M ′Φ yΦcLcRvu
0 yΦvu M
′
φ



 tRχR1
χR

+M ′Φχ¯L2χR2, (30)
where sL(R) = sin θL(R) and cL(R) = cos θL(R). This mass matrix shows that the EWSB induces mixing between the
weak doublets and singlets of the left-handed fermions, (tL, χL), and also of the right-handed fermions, (tR, χR1).
The additional oblique corrections are generated
through the weak doublet-singlet mixing given above. By
calculating the one-loop diagrams with M ′Φ =M
′
φ =M
′,
we may evaluate ∆T as
∆T ∼ 3
16pi2αW
log
M ′
2
m2t
(yΦvu
M ′
)2
∼ O(1) ×
(yΦvu
M ′
)2
,
(31)
unless the Yukawa coupling yΦ is extremely large. On
the other hand, the experimental bound is given roughly
by ∆T ≤ 0.1 [28]. Consequently, we find that a fairly low
decoupling mass M ′ up to about 1TeV is not excluded.
It is noted that the above oblique correction has the com-
mon or very similar structure with the top quark see-saw
models [29] and some of the little Higgs models [30].
Incidentally, other constraints imposed by the preci-
sion experiments are not restrictive. The correction to S-
parameter turns out to be relatively smaller than ∆T by
the one-loop calculation. Another experimental bound
discussed frequently is the excess of the Z-boson decay,
Rb = Γ(Z → bb¯)/Γ(Z → hadrons). However, as long as
there is no (or a very small) mixing mass for the bottom
quarks in the present model, the excess is also found to
be much less than the experimental bound (δRb < 1%).
These features are also common with the top quark see-
saw models [29].
C. Sparticle spectra
The extra fields do not have direct couplings with the
MSSM fields except for the Higgs field Hu. The mass
spectrum of these superparticles is determined in the
GMSB, once the messenger scale Λmess is fixed. Mean-
while, the masses of the Higgs and the Higgsino are very
dependent on the running behavior of the Yukawa cou-
pling yΦ, which will be discussed in the next section.
However, the presence of the extra fields alter the run-
ning behavior of the gauge couplings g′3, g2, g1 of the
SU(3)′C ⊗ SU(2)W ⊗ U(1)Y . The coefficients of the
one-loop beta functions βa = (ba/16pi
2)g3a are given by
(b1, b2, b3) = (51/5, 1, 0). Note that the gauge coupling of
SU(3)′C is not asymptotically free but remains large for
any energy scale. The gauge couplings for SU(2)W and
U(1)Y both increase at higher scale and cross g
′
3 around
the GUT scale. 3
This change in the running gauge couplings influences
the supersymmetry breaking parameters obtained at the
low energy scale significantly. Fig. 4 shows the change
of the supersymmetry breaking mass spectra obtained at
low energy of the gaugino masses Ma(a = 1, 2, 3), the
squark masses mQ˜3 ,m ˜¯u3 and the right-handed selectron
mass me˜ with respect to the messenger scale Λmess. As
was mentioned just above, the gaugino mass M3 is the
same as M ′3 through the SSB. It is seen that the selec-
tron turns out to be much heavier than the bino in the
high energy gauge mediation, while both are light in the
low energy mediation. It will be found in the next sec-
tion that the masses of the stop particles should be as
large as 1TeV in order to satisfy the lightest Higgs mass
bound. Then the bino mass is given above the experi-
mental bound M1 > 46GeV.
3 Unfortunately the gauge coupling unification is not hold exactly,
because the hypercharge assignment is not fit for the SU(5) rep-
resentations. Though it is interesting to construct viable models
which can be embedded into a GUT theory, it is beyond our
present scope.
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FIG. 4: The supersymmetry breaking masses (Ma(a =
1, 2, 3): the gaugino masses, mQ˜3 ,m ˜¯u3 : the third generation
squark masses,me˜: the right-handed selectron mass) obtained
at low energy for various messenger scales Λmess are shown.
Here we take BS = 〈FS〉/〈S〉 = 1 as the unit.
IV. FINE-TUNING IN THE EXTRA SU(3)
MODEL
A. IR fixed point and running of yΦ
In this section, we evaluate the degree of fine-tuning
required in the extra SU(3) model explicitly, and see
whether it is really improved as we expected in the previ-
ous section. The fine-tuning is determined by the size of
|m2Hu | at the weak scale. The induced value of m2Hu by
the gauge mediation is rather changeable with respect
to the messenger scales, since the gauge couplings for
SU(2)W and U(1)Y increase for the higher scale. How-
ever, a more important point is the renormalization of
m2Hu below the messenger scale. In practice, the renor-
malization is found to rely on the running behavior of
the Yukawa coupling yΦ, although the scalar mass is not
enhanced owing to the partial GMSB.
We mentioned that there is an IR attractive fixed
point in the extra SU(3)ex gauge sector in the previ-
ous section. The couplings at the fixed point may be
given as αex = α
∗
ex = 27pi/64 and αyΦ = α
∗
yΦ
= 3pi/8
(αex = g
2
ex/4pi, αyΦ = |yΦ|2/4pi), if we use the two-loop
RG equations [19]. We find that the values of the fixed
point couplings are fairly large, though the perturbative
approximation is not reliable there. Even if these cou-
plings are asymptotically free, they grow up towards IR
and approaches the fixed point values.
In the followings, we consider two typical cases;
(1) Both the couplings stay on the fixed point, αex =
α∗ex and αyΦ = α
∗
yΦ
, at all the scale below Λmess.
(2) Both the couplings αex and αyΦ are given very
small at Λmess and rapidly increase near TeV scale.
We take the decoupling mass scale to be 5TeV in the
analysis. The supersymmetry breaking parameters at the
weak scale are evaluated by using the RG equations of the
MSSM with the induced top Yukawa coupling yefft = 1.0
below 5TeV.
B. Case (1)
The gauge and Yukawa couplings in the extra sector
are set on their fixed point values. It is noted that not
only the gaugino massMex but also the A-parameter cor-
responding to the Yukawa coupling yΦ, AΦ, are vanishing
4. If we neglect the gaugino masses M1 and M2, which
give minute corrections indeed, the one-loop RG equa-
tions for the scalar masses m2Φ, m
2
φ and m
2
Hu
are given
by
d
d ln Λ

 m2Φm2φ
m2Hu

 = |y2Φ|
8pi2

 1 1 12 2 2
3 3 3



 m2Φm2φ
m2Hu

 . (32)
It is found that a general solution of this equation is given
by a superposition of two independent constant modes
and one mode decreasing very rapidly towards IR. There-
fore the soft masses obtained at low energy are always of
the same order of their initial values, which are also in-
dependent of the messenger scale.
Here we should mention validity of this one-loop anal-
ysis, since the fixed point couplings are not very small. It
has been also shown in the all order of perturbation [31]
that each beta function of the soft scalar mass is vanish-
ing at low energy and the masses satisfy the sum rule,
m2Φ +m
2
φ +m
2
Hu
→ 0. (33)
It is noted that the solutions of the above RG equations
also respect these properties. Thus, it is certain that the
soft masses at low energy are independent of the mes-
senger scale. Indeed, the one-loop approximation is not
totally reliable quantitatively. However, aspect of the
soft masses is expected to be seen by the one-loop RG
equations.
Fig. 5 shows the actual running behavior of the soft
scalar masses, m2Φ/|mΦ|, m2φ/|mφ| and m2Hu/|mHu |, ob-
tained by solving the one-loop RG equations for the extra
SU(3) model with a high messenger scale. Their initial
values are given according to the GMSB of this model and
, therefore are fairly large. The scale of the supersymme-
try breaking parameters are fixed so as to lead the lightest
Higgs mass of the experimental bound, 114.4GeV.
It is seen that m2Hu becomes negative quickly just be-
low the messenger scale and turns to be a constant. The
4 Though the A-parameter is not generated from the beginning in
the GMSB, it has been known that the A-parameters decrease
rapidly at lower scale in the general superconformal field theories.
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FIG. 5: The RG flows of the soft scalar masses, m2Φ/|mΦ|,
m2φ/|mφ| and m
2
Hu
/|mHu |, obtained by solving the one-loop
RG equations for the extra SU(3) model are shown in the
case of a high messenger scale.
size of the Higgs scalar mass obtained at the weak scale
is not so small, since it receives another sizable negative
contribution below the decoupling scale. For the models
with a lower messenger scale, the soft mass |m2Hu | stabi-
lizes at a much smaller value. Nevertheless, the lightest
Higgs mass bound is more restrictive due to the small A-
parameter and makes the fine-tuning worse. As a result
the fine-tuning of about 3% is found to be still required
even at the best. Thus we may say that the models of
Case (1) do not help to ameliorate the fine-tuning prob-
lem as expected naively.
C. Case (2)
Next we consider the case that both the couplings αex
and αyΦ increase near the TeV scale. To be explicit, we
examine the case with αex ∼ α∗ex and αyΦ = 1/pi (yΦ = 2)
at the decoupling scale as an example. The RG flows of
these couplings gex and yΦ are shown in Fig. 6. In gen-
eral, it is not necessary for the extra gauge coupling αex
also increases near the decoupling scale. The gauge cou-
pling can approach the fixed point value at some higher
energy scale. The required feature is that the coupling
yΦ incerases near the decoupling scale. This may be real-
ized with a small initial coupling properly chosen at the
GUT scale without recourse to fine-tuning.
Since the Yukawa coupling yΦ becomes sizable only at
the fairly low energy scale, 103−4GeV, the Higgs field
is almost completely decoupled from the extra sector.
Therefore these soft scalar masses are driven only by the
gaugino contributions of the SU(2)W and the U(1)Y ,
which are rather small even at high energy scale. The
RG flows of the soft scalar masses mΦ, mφ,m
2
Hu
/|mHu |
are shown in Fig. 7. The scale of the parameters are fixed
so as to satisfy the lightest Higgs mass bound again. It is
seen that the soft mass of m2Hu is almost constant above
the decoupling scale and receive the negative corrections
through the Yukawa interactions of yΦ. Consequently,
the low energy Higgs mass is found to be small and can
be comparable with the weak scale.
As seen before, the lightest Higgs mass bound is rather
sensitive to the parameterAt. Note that the A-parameter
AΦ turns out to be At effectively after the SSB. In prac-
tice, Ax, Ax¯ and B-parameters for Φ and φ fields con-
tribute to At as well. Therefore we may obtain a large
At, if the B-parameters are given large. This may be a
good point of this senario, since large A-parameters are
not induced in the GMSM. However we give an explicit
evaluation of the fine-tuning only with AΦ contribution,
since the values of these extra parameters are uncertain
anyway. The parameter AΦ is generated below the mes-
senger scale with following the RG equation,
dAΦ
d ln Λ
=
3|yΦ|2
4pi2
AΦ +
3α2
2pi
M2 +
13α1
30pi
M1. (34)
In Fig. 7, the RG flow of AΦ is also shown. Below 5
TeV the flow line is connected with the flow of At in the
MSSM. It is seen that AΦ, or At, obtained at the weak
scale is rather small even for the high energy GMSB. Nev-
ertheless the lightest Higgs mass bound can be satisfied,
since the stop particles are so heavy.
Now it is almost obvious that the fine-tuning problem
is removed in this model, since the µ-parameter required
in order to realize the EWSB is also the weak scale. Fig. 8
and Fig. 9 present the minimum degree of fine-tuning
∆µ2 required in the extra SU(3) model for tanβ = 10
and 5 respectively. (The data points with enough small
degrees are not shown, since the model is safe from the
fine-tuning anyway.) In the both figures, the upper lines
show the minimum degrees to satisfy the lightest Higgs
mass bound and the lower lines show the minimum de-
grees to satisfy the selectron mass bound.
These results tell us the followings. The lightest Higgs
mass bound always imposes the dominant constraint.
However, the extra SU(3) models with a large value of
tanβ is almost free from the severe fine-tuning for any
messenger scale. It is also shown that µ-parameter be-
comes smaller as the messenger scale goes higher, and is
comparable with the weak scale for the high messenger
scale GMSB.
Even in the case of tanβ = 5, the degree of fine-
tuning is reduced significantly compared with the ordi-
nary MSSM. However, it is found that the minimum de-
gree of fine-tuning increases rapidly for tanβ < 5. This is
because the required stop mass is so heavy (e.g. 2.5TeV
for tanβ = 3) as to induce a huge correction to the Higgs
soft mass below the decoupling scale. The cancellation
of the SM correction becomes also significant with such
a large supersymmetry breaking scale anyway. Thus we
may conclude that the natural models are obtained for a
tanβ more than 5 or so.
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FIG. 6: The RG flows of the gauge couplings gex and the
Yukawa coupling yΦ in the extra sector are shown in the case
of αex ∼ α
∗
ex and αyΦ = 1/pi (yΦ = 2) at the decoupling scale
5 TeV.
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FIG. 7: The RG flows of the soft scalar masses mΦ,
mφ,m
2
Hu
/|mHu | realized in the Case (2) are shown. The fig-
ure shows also the RG flow of AΦ which is connected with the
flow of At of the MSSM at the decoupling scale.
V. EXTENSION TO THE NEXT-TO-MINIMAL
MODEL
A. Fine-tuning problem in the NMSSM
The µ-parameter as well as the B-parameter of the
Higgs sector must be the same order of the soft super-
symmetry breaking parameters in order to realize the
EWSB. Therefore it would be natural to think that the
µ-parameter also has some origin related with the super-
symmetry breaking. In the GMSB models, this problem
appears to be a harder puzzle, since the generated B-
parameter is given naively by BS = 〈FS〉/〈S〉, which is
too large for the Higgs potential. The simplest mecha-
nism to solve this problem would be the NMSSM [12],
while there have been proposed some other mechanisms
[11].
The NMSSM introduces a SM-gauge singlet field N re-
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FIG. 8: The minimum degrees of fine-tuning required in the
extra SU(3) models with various messenger scales are shown
in the case of tan β = 10. The conditions for the lines are the
same as in Fig. 1. The data points for Λmess = 10
16GeV are
not given, since the EWSB solution is not realized.
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FIG. 9: The minimum degrees of fine-tuning in the case of
tan β = 5 are shown in the same way as Fig. 8.
placing the µ term with the Yukawa term in the superpo-
tential given by (5). Then the µ-parameter may be gen-
erated through a non-vanishing vev of N as µ = λH〈N〉.
However this vev breaks the global U(1)PQ symmetry
of the superpotential spontaneously and, therefore, gives
rise to the EW-scale axion, which is excluded experimen-
tally [33]. Here we avoid this problem by breaking the
U(1)PQ symmetry explicitly with introducing an addi-
tional term,
δW =
k
3
N3, (35)
where the parameter k is supposed to be comparable with
λH .
We should mention here the new possibility for solving
the fine-tuning problem proposed recently in Ref. [32].
When the pseudo-NG boson a is very light, decay of the
SM-like light Higgs boson h to a, h → aa, can be domi-
nant over decay to the bottom quarks, h→ bb¯. Then the
Higgs may be missed and the mass can be lower than the
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bound of 114GeV. However this possibility opens only
when the coupling k is rather small to make the pseudo-
NG boson of the broken U(1)PQ sufficiently light. Then
a large A-parameter is required to raise the singlino and
higgsinos above LEP bounds [28], which is not realized in
the GMSB. Therefore we do not consider the cases with
a small k in our discussion.
So far the fine-tuning required in the NMSSM has been
investigated minutely in Refs. [9, 10]. Here let us review
the essence of their argument and give an analytic ex-
pression for the fine-tuning degrees by using somewhat
rough approximations.
The parameters which we can tune freely are the
Yukawa couplings λH and k only in the GMSB. Note that
µ or tanβ = vu/vd is not a free parameter any more,
but is determined dynamically by the scalar potential.
In order to discuss the fine-tuning, we must express the
solution for v2 in terms of the Yukawa couplings first.
Then we examine stability of the solution under a small
variation of the couplings.
The potential of the NMSSM model is written down as
V =
∣∣λHHdHu − kN2∣∣2 + λ2H |N |2 (|Hd|2 + |Hu|2)+ g28
(
H†dτ
aHd +H
†
uτ
aHu
)2
+
g′
2
8
(|Hd|2 − |Hu|2)2
+ m2Hu |Hu|2 +m2Hd |Hd|2 +m2N |N |2 − (λHAλHNHuHd + h.c.)−
(
k
3
AkN
3 + h.c.
)
+ · · · , (36)
where the ellipsis denotes higher order terms. Then the minimization conditions for the neutral scalar components
are found to be
λ2Hx
2 = −g
2 + g′2
8
v2 +
m2Hd −m2Hu tan2 β
tan2 β − 1 (37)
AλHλHx =
(
m2Hd +m
2
Hu
+ 2λ2Hx
2
) sin 2β
2
(38)
2k2x2 = λHv
2(k sin 2β − λH)−m2N +AλHλHv2
sin 2β
2x
+ kAkx, (39)
where vu = 〈Hu〉, vd = 〈Hd〉, (v2 = v2u + v2d) and x = 〈N〉. It is seen that the first and the second equations are
identical with the conditions in the MSSM by replacing as λHx = µ and AλH = B.
Here we shall approximate the solutions of the above equations by performing some simplifications. First we neglect
the A-parameters, since AλH is much smaller than v and Ak is negligible in the GMSB irrespectively of the messenger
scale. Next we simplify the conditions further by setting as m2Hu +m
2
Hd
∼ m2Hu and sin 2β ∼ 2/ tanβ. Although these
simplifications are not always good quantitatively, we may find roughly how strong fine-tuning is required. Then the
equations are reduced to be
µ2 +
c
2
v2 +m2Hu = 0, (40)
κ tanβµ2 + (c− λ2H)v2 +m2Hu = 0, (41)
2κ2µ2 + λ2Hv
2
(
1− 2κ
tanβ
)
+m2N = 0, (42)
where µ2 = λ2Hx
2, c = (g2 + g′2)/4 and κ = k/λH . After eliminating µ
2 from these equations, the conditions are
reduced further to
F1 ≡ − (1− κ tanβ)m2Hu −
(
1− κ
2
tanβ
)
αv2 + λ2Hv
2 = 0 (43)
F2 ≡ 2κ2
(
−m2Hu −
α
2
v2
)
+ λ2Hv
2
(
1− 2κ
tanβ
)
+m2N = 0. (44)
As seen before, the soft scalar mass |mHu | is far larger than the weak scale in the GMSB. Therefore we first
consider the conditions so that the Yukawa couplings λH and k should satisfy in order to have v
2 ≪ |m2Hu | as a
solution. However, it has been known that the phenomenologically viable spectrum cannot be obtained in the GMSB
[9, 10]. The reason is that the Yukawa interaction with λH itself cannot drive the soft mass for N , m
2
N , to be
sufficiently negative at the weak scale.
12
From the equation (40), it is found that µ2 ∼ |m2Hu | ≫ v2. Meanwhile the equation (42) may be rewritten as [9]
− 2κ2µ2 = λ2Hv2
(
1− 2κ
tanβ
)
+m2N
≃ λ2H
[
v2
(
1− 2κ
tanβ
)
− 1
4pi2
(
m2Hu(Λmess) +m
2
Hd
(Λmess)
)
log
Λmess
mHd
]
, (45)
where we evaluated m2N by using the one-loop perturbation. However this equation cannot be satisfied even with
a very large messenger scale Λmess, since κ cannot be taken so small. Therefore the NMSSM is often modified to
have also a pair of extra vectorlike color-triplet fields coupled with the singlet N [8, 11]. Then the low energy scalar
potential can lead to a viable EWSB with m2N sufficiently negative. In Refs. [9, 10], the fine-tuning problem has been
investigated in the NMSSM model with the extra “quarks” and was found to be more serious than in the MSSM.
Hence we may consider the cases with |m2N | ∼
|m2Hu | ≫ v2. Then it is seen from Eqs. (43) and (44)
that such a hierarchical difference among the mass scales
can appear, only when the ratio of the couplings λH and
k happen to be
κ2 =
k2
λ2H
∼ |m
2
N |
2|m2Hu |
. (46)
If the parameter κ deviates from this relation, then the
solution of v2 becomes comparable with |m2Hu | immedi-
ately. This is the origin of the strong fine-tuning. We
also note that tanβ of the solution is also fixed to be
tanβ ∼ 1/κ (47)
approximately. This is the reason why tanβ cannot be
large in the NMSSM models in general.
The response of the solutions (v2, tanβ) under a slight
shift of e.g. κ satisfies the following relations,
κ
∂F1
∂κ
+ κ
∂v2
∂κ
∂F1
∂v2
+ κ
∂ tanβ
∂κ
∂F1
∂ tanβ
= 0, (48)
κ
∂F2
∂κ
+ κ
∂v2
∂κ
∂F2
∂v2
+ κ
∂ tanβ
∂κ
∂F2
∂ tanβ
= 0. (49)
By solving these equations, we may evaluate the degree of
fine-tuning in order to realize the specific solution of v2.
Since we consider the solutions with v2 ≪ |m2N | ∼ |m2Hu |,
the degree is found to be approximated as
∆κ(v
2) =
∣∣∣∣ κv2 ∂v
2
∂κ
∣∣∣∣
∼
∣∣∣∣ 2κ2κ2 − λ2H(1 − 2κ2)/c
∣∣∣∣ 2|m2Hu |M2Z . (50)
Although we should examine also the deviation of λH ,
the solutions are found to be rather stable. Here we note
that the quantity 2|m2Hu |/M2Z is nothing but the degree
of fine-tuning for the MSSM case. This is the analytic
expression for the fine-tuning index for the NMSSM in
the GMSB. We may certify the validity of this formula
by solving the coupled equations numerically, (37), (38),
(39), with incorporating all of the parameters given by
the GMSB framework. It is found to be good as long as
|m2Hu |, |m2N | ≫ v2.
The Yukawa coupling λH cannot be taken more than
0.5, otherwise the running coupling hits the Landau pole
well before the GUT scale. Therefore, unless the denom-
inator of the index given by (50) happen to be small,
the fine-tuning in the NMSSM is the same as that ob-
tained in the MSSM with the same tanβ up to the factor
of O(1) [10]. Consequently, the fine-tuning required in
the NMSSM models is found to be no better than in the
MSSM.
The crucial difference between the MSSM and the
NMSSM is the value of tanβ. However, the term of
λHNHuHd in the superpotential lifts up the lightest
Higgs mass bound for the small tanβ case as
m2h0 ≥
(
M2Z cos
2 2β + λ2Hv
2 sin2 2β
)
+ (loop). (51)
Therefore the constraint on the stop masses from the
Higgs mass bound becomes almost independent of tanβ
for λH ∼ 0.5. Unless the coupling λH is given to be
so large, the fine-tuning is very severe in the NMSSM
models [14].
B. Extension of the extra SU(3) model
Lastly we consider the fine-tuning in the extra SU(3)
model modified so that the supersymmetric mass param-
eters are generated through vev of a singlet N . The su-
perpotential is given explicitly by
W = ytQu¯Hu + λHNHdHu − 1
3
kN3
+yΦΦφ¯Hu + λΦNΦΦ¯
+λφNφφ¯+ λΩNΩΩ¯. (52)
The decoupling masses of the extra vectorlike fields as
well as the µ parameter are induced through the singlet
vev as MΦ = λφ〈N〉, etc.. Here, however, these masses
should be much larger than µ, e.g. a few TeV. It is
interesting that such a hierarchy may be also generated
by the strong gauge dynamics in the extra sector. The
Yukawa couplings, λΦ, λΦ and λΩ, are also enhanced by
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the strong gauge coupling αex similarly to yΦ, while λH
is not enhanced. Therefore a large discrepancy among
these couplings arises at the low energy scale naturally.
It may be an advantage for the extra SU(3) model to
contain the extra vectorlike fields coupled with N from
the beginning. Owing to these couplings, the soft scalar
mass m2N can be driven to be sufficiently negative at the
low energy scale. In practice, the viable models for the
EWSB are found to be obtained for appropriate choices
of the Yukawa couplings.
The main difference between the present model and the
conventional NMSSM model examined in Refs. [9, 10]
is that the size of the soft scalar mass |m2Hu | obtained
at the weak scale is not so enhanced by the large stop
masses. That is because the extended model also en-
joys the nature that the radiative correction to m2Hu can
be effectively cutoff around the decoupling scale. On the
other hand, however, the problem is that the coupling λH
cannot be taken so large as 0.5. First the Yukawa cou-
plings λΦ and λφ should be less than 0.5, otherwise these
Yukawa interactions induce a sizable soft mass |mN |, and,
therefore, the solution of tanβ becomes too small. Then
the coupling λH should be smaller than about 0.05 to
make the mass ratio λΦ/λH = MΦ/µ sufficiently large,
otherwise the decoupling scale of the extra sector is too
low to pass the EW precision tests.
Thus, unfortunately the above extension of the extra
SU(3) model to the NMSSM type appears to be unsuc-
cessful. The fine-tuning is so severe as in the MSSM with
a small tanβ as seen in the previous section. However,
this situation can be improved remarkably, if the Yukawa
coupling λH is allowed to be somewhat large as 0.3-0.5.
Then some other mechanisms to generate the decoupling
scale of a few TeV is required. We leave this problem in
the NMSSM model to the future studies.
VI. CONCLUSION
In this paper we first studied the degree of fine-tuning
in the GMSB with an arbitrary messenger scale. Spe-
cially we took the lightest Higgs mass bound by LEP
into consideration by using the 2 loop approximation.
The spectra of all soft supersymmetry breaking parame-
ters obtained at the weak scale are completely fixed up to
their overall scale BS . Therefore we examined the fine-
tuning with respect to the µ-parameter required so as to
realize the EWSB.
Then it was found that the constraint on the soft
masses by the Higgs mass bound is far more restrictive
than by the selectron mass bound for entire range of the
messenger scale, and the fine-tuning stronger than a few
% is required at the very best. The degree becomes big-
ger as the messenger scale is lowered, because the A-
parameter, At, is given to be small. Moreover, the model
with a small value of tanβ (≤ 5) needs an extreme fine-
tuning of the µ-parameter.
In order to solve this problem, we studied a new sce-
nario in which the top Yukawa coupling is induced at
TeV scale through mass mixing with some extra matter
fields coupled with the Higgs field. We also applied the
partial GMSB mechanism that the extra gauge sector is
sequestered from the supersymmetry breaking sector. In
the explicit model of the Case (2) presented in section
IV, the radiative correction to the Higgs soft mass can
be cutoff effectively at the TeV scale. Then the Higgs
soft mass is found to be comparable with the weak scale
and, therefore, renders the fine-tuning of the µ-parameter
unnecessary, even if the stop masses are quite large. In
practice, we found that the natural models are obtained
for tanβ more than 5 or so.
We also examined the oblique corrections induced by
the mixing with the extra fields and checked that the
models are safe as long as the extra particles are heavier
than 1TeV. The feature of this model is that the Higgs
scalars and the Higgsinos are so light as the weak scale,
while the squarks are quite heavy. Moreover, the sleptons
can be fairly heavier than the bino for a high messenger
scale. This is because the running behaviors of the SM
gauge couplings are modified by the presence of the extra
fields.
The extension to the NMSSM is supposed to be the
easiest way to avoid the µ-problem in the GMSB frame-
work. It has been known, however, that the additional
correction by the extra “quarks” is necessary to make a
viable model. In the extra SU(3) model, the fields in the
extra gauge sector coupled with the singlet field play this
role and the realistic EWSB can take place.
Unfortunately, the extended model turns out to suf-
fer fine-tuning, because tanβ determined by the EWSB
vacuum is small. In the explicit model the Yukawa cou-
pling of the singlet with the Higgs field λH is taken to be
rather small in order to make the decoupling mass heavy.
However, if λH can be enhanced, the fine-tuning problem
may be resolved just as in the MSSM with large tanβ.
The improvement of the NMSSM model in this way is
left for the future study.
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Note Added
As this paper was prepared, we found that a compre-
hensive paper by R. Kitano and Y. Nomura [23] appeared
and our study given in section II overlaps in part.
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